Abstract-Vehicular ad hoc networking is an emerging paradigm which is gaining much interest with the development of new topics such as the connected vehicle, the autonomous vehicle, and also new high-speed mobile communication technologies such as 802.11p and LTE-D. This paper presents a brief review of different mobility models used for evaluating performance of routing protocols and applications designed for vehicular ad hoc networks. Particularly, it describes how accurate mobility traces can be built from a real-world car traffic dataset that embeds the main characteristics affecting vehicle-to-vehicle communications. An effective use of the proposed mobility models is illustrated in various road traffic conditions involving communicating vehicles equipped with 802.11p. This study shows that such dataset actually contains additional information that cannot completely be obtained with other analytical or simulated mobility models, while impacting the results of performance evaluation in vehicular ad hoc networks.
I. INTRODUCTION
VANET (Vehicular Ad Hoc Network) is a promising application of MANET (Mobile Ad Hoc Networks) where nodes consist of vehicles which organize themselves in order to communicate efficiently. Using ad hoc communications allow fast and direct vehicle-to-vehicle (V2V) exchanges, besides the telecommunication services that can be offered by an infrastructure, when it exists, through vehicle-to-infrastructure communications (V2I). For instance, vehicles can exchange contextual or traffic management information. Safety and security applications can also rely on V2V communications in order to avoid a collision or send post-crash warnings.
With the wide deployment of 3G and 4G infrastructures, many new mobile services are proposed to drivers through their smartphones or built-in car devices. Both the network service providers and the designers of these applications can make use of the information collected over thousands of users in order to evaluate and to improve the performance. Such opportunity is not yet accessible to vehicular ad hoc networks due to nonexistence of large-scale experimentation. Also, V2V applications will not be widely adopted unless serious studies and evaluations prove their efficiency in realistic car traffic contexts. Consequently, building accurate testing environments for VANET performance evaluation is a crucial issue for the future of V2V communications. The performance of VANETs can be evaluated by means of real-world testings on the ground or through modelling and simulation. For the aforementioned reasons, the first solution may be costly and will not carry out the whole field situations: it is difficult to equip a significant number of vehicles and to experiment the performance of network communication in every different traffic conditions. The second solution, namely modelling, is easier to realize by means of computers and may include many complex models. However, the accuracy depends notably on the availability of realistic mobility models.
The authors of [1] and [2] show that, depending on the mobility model, the results of performance evaluation are different for the same routing protocol. An example is developed in [1] based on the DSR protocol. Generally in the literature, the modelling of vehicle mobility are made thanks to random patterns, microscopic traffic simulators, or real traces of vehicles. In this paper, the authors discuss the benefit of using real traces of vehicles extracted from car traffic dataset in simulation-based evaluation of vehicular ad hoc network performance. This study uses the real traces processed by [3] based on road videos filmed by helicopter within the context of the French research project named MOCoPo (Measuring and Modelling Congestion and Pollution).
The paper is organized as follows. First, some work related to mobility models in vehicular ad hoc network are presented. The MOCoPo dataset traces are described, and then discussed in comparison with other mobility models. A simulation system is configured in order to realize performance evaluation of a VANET using the proposed dataset. Finally, the simulation results are discussed, before the conclusion.
II. RELATED WORK
The works in [4] - [7] present the evolution of the mobility models used in VANET evaluation. This paper focuses on a brief review of the most representative models used during this www.ijacsa.thesai.org 390 | P a g e evolution, notably the historical Random Waypoint, the Manhattan model, the microscopic traffic simulators, and finally the real traces from car traffic dataset.
A. Random Waypoint model
The first mobility model used in VANET studies was the Random Waypoint model (RW). In this model, each node randomly chooses an origin and a destination in the simulation representation of the space, and also a speed value between zero and a given maximum limit. The speed remains fixed along the journey. Once the destination is reached, a timer is triggered, and the node selects a new destination and a new speed value.
This model, very simple to set up, is still used in many studies such as [8] - [11] . It is often used for VANET because it allows to define high speed nodes. In fact in most European countries, under normal conditions, a vehicle in a VANET can travel up to 130 km/h on the highway. Therefore, the relative speed between two vehicles can vary from 0 to 260 km/h. However, the path followed by the nodes in RW model is always a straight line. Moreover, it does not take into account the restricted vehicle motion degrees imposed by the road layout. Last, the significant dispersion of the speed values over the time and space is also another important feature of mobility that cannot be taken into account with this model. Indeed, during its journey, vehicle speed on highway can be either 130 km/h in a fluid traffic or 5 km/h in case of congestion [12] - [14] .
B. Manhattan model
The Manhattan model improves the Random Waypoint model by introducing a representation of the vehicle motion degrees. The nodes move on a road represented by a grid that limits the vehicle movement. Origins and destinations of the vehicle trajectories are randomly chosen. The trajectories are calculated either by algorithms such as the Dijkstra shortest path or by using a probability to select a direction when vehicles arrived at a cross-road. The Manhattan model is used for instance in [15] or [16] .
However, in real life, road users must respect the traffic rules and sign regulations; vehicles are constantly reacting according to each other. This cannot be observed in the Manhattan model where vehicles can move across each other.
C. Microscopic traffic simulator
Various studies, related to traffic theories [12] - [14] , [17] , [18] , strive to model driver behaviour. The models are realized through microscopic simulators which implement one of the following models : stochastic models, traffic flow models, car following models, queue models, or behaviour models. They simulate every car in detail, with breaks, accelerations and lane changing. Such simulators bring a road representation that the random mobility model does not, and they implement the significant dispersion of speed values over time and space. They easily allow researchers to schedule a mobility scenario such as a congested highway. Among them, SUMO [19] and VanetMobiSim [20] are the most referenced in the literature (for instance [21] , [22] ). They take into account multi-lane roads, vehicles changing lane, speed limits, and intersection priorities (stop signs and traffic lights) [7] .
Nevertheless, the choice of the origin and destination for a vehicle is randomly selected whatever the road reality. Another drawback is that microscopic simulators use probability profiles like acceleration or deceleration profiles which add a difference between the model and the reality. This is especially true for extreme driving behaviours which are not considered.
D. Real traces of vehicles
Mobility traces of vehicles through GPS data can be easily found nowadays. As an example, the Community Resource for Archiving Wireless Data At Dartmouth (CRAWDAD, [23] ) provides trajectory datasets for VANET studies. GPS traces are obtained with map-matching algorithms. They come from specific vehicle fleets, such as bus or taxi fleets, which sometimes travel with dedicated work constraints. They do not come from common car users which are the first user class of road.
Real traces based on GPS can be used to study the connection time between vehicles. In this way, [24] uses GPS traces from taxis and shows that the high mobility of VANETs induces time-limited connections between vehicles. Indeed, two vehicles, travelling from opposite directions on the highway at 130 km/h and having a maximum communication range of 500-meter long, will only communicate for up to 15 s [25] . In fact, a difficulty of using GPS real traces is that, currently, either vehicles are not close together (dispersed within a wide area) or they include very few vehicles. Consequently, such traces do not allow an accurate study of V2V ad hoc communications with various vehicle density. However, the traces provided by CRAWDAD could be relevant to study the procotocols and applications relying on vehicleto-infrastructure communications.
It is possible to obtain real traces of vehicle trajectories with aerial road traffic recordings. Studies had been achieved in the past by mounting a camera on a fixed position or onboard aerial platform [26] . [3] notes that two main groups of datasets were constructed since the beginning of this century: series of datasets resulting from the experiments conducted in the Netherlands by the TU Delft [27] and the datasets of the NGSim project, conducted with the funding and supervision of FHWA [28] . Only the NGSim datasets are made publicly available on the web. But there is noise in the longitudinal and lateral positional information of vehicles, and data need to be filtered in order to determine their positions, velocities, and accelerations [29] .
III. A CAR TRAFFIC DATASET FOR VANET EVALUATION

A. Presentation of the MOCoPo data
The MOCoPo research project (Measuring and Modelling Congestion and Pollution) was a French project aiming to improve the modelling of congestion and pollutant in urban highways (January 2011 -December 2013). The data collection was performed at the RN 87 (in the southern suburbs of Grenoble) in September 2011. A helicopter equipped with three high-definition cameras filmed the highway for several hours. In addition, pollutant measurement and loop detector www.ijacsa.thesai.orgdata were collected. The site of the project [30] provides maps and access to the data. Collected data are from a 500-meter-long express road with a speed limit of 70 km/h. For this area, data collection periods were chosen to cover the congestion occurring in morning rush hours.
In order to be transformed into trajectories, the MOCoPo videos were processed. Firstly, as the helicopter was not perfectly fixed, the MOCoPo research teams corrected the curvature of the image and stabilized the image. They also reframed the images to focus on a region of interest containing only the road. Secondly, a reference image was used to extract moving objects from all images of the video on the region of interest. This image was a photography of the infrastructure without any vehicle. They connected the different objects in order to build the trajectory of each vehicle. Thirdly, [3] implemented a new filtering approach based on polynomial fitting and the polar coordinates. The method was developed in two versions: piece-wise constant accelerations or piecewise linear accelerations. [3] shows that their process provides values of acceleration fully compatible with the physical limits of vehicles found in the literature. Thus, there is no need to add extra constraints to the data such as a limitation for acceleration or deceleration.
As a result, [3] supplies a set of trajectory data from video recording of 16th September 2011 (between 7:58 and 8:58 am). This set is composed of a sample of 619 vehicles distributed in a 60-minute time window. Each trajectory consists of a sequence of location data provided every 0.1 s.
B. MOCoPo trajectory interest for VANETs
Getting real-world traces usable for VANETs studies is not obvious. GPS-trace databases concern vehicles geographically dispersed or few vehicles; NGSim datasets need to be processed in order to obtain the final usable trajectories.
The MOCoPo database consists of vehicles close to each other recorded during rush hours. Its data contain the information on the driver behaviours (speed, acceleration, lane changing...). Moreover, the data show periods of congestion where vehicles stop and restart after a few moments (socalled stop and go wave) and where vehicle speeds are highly variable. It is therefore interesting to find time periods in the database where vehicles have high speed or respectively low speed.
C. Mobility profiles in MOCoPo data
The authors split the trajectory database of MOCoPo into groups corresponding to different congestion scenarios characterised by the speed of the vehicles. The result is shown in figure 2. A significant variation in travel time is observed over time. Some vehicles pass through the area in less than 30 s, i.e with an average speed of 60 km/h, others in more than 120 s, i.e. with an average speed below 15 km/h.
In light of these results, it is relevant to define three groups of vehicles with different mobility features presented in table I. Figure 3 shows the travel distance versus the time for each three mobility groups. The slope of the curve representing each vehicle corresponds to their instantaneous speed. As it can be seen in the figure, the vehicles of group 1 maintain a high speed while the vehicles of group 2 suffer a period of stop and go wave (the slopes of the travel distance curve is horizontal, which means a zero speed). Vehicles of group 3 that are located on the right lane experiment a stop and go wave while those located on the left lane have higher speed. Figure 4 represents the speed distribution experienced by the vehicles in each group.
The three groups are built as follows. 
IV. BUILDING MOBILITY MODELS USING MOCOPO DATA
In this paper, MOCoPo datasets are taken as a reference. Different mobility models were built by degrading the knowledge of the road traffic from the MOCoPo data ( figure 5) . The resulting models and trajectories are explained in this section.
A. MOCoPo data
The MOCoPo data consist of the positions of the vehicles provided every 0.1 second (see section III-B).
B. GPS-based model -Fixed speed
The GPS-based model, called fixed speed, is based on the knowledge of vehicle positions in the MOCoPo data, but by 
C. Detector-based model -SUMO simulation
The detector-based model only keeps the knowledge of the departure and arrival times of the vehicles extracted from the MOCoPo data. The data used are then similar to the outputs of a system composed of two electromagnetic loop detectors and a vehicle identification system (such as an automatic number plate recognition, a camera, or a bluetooth system). The trajectories of vehicles are still to be built from these departure and arrival times. The SUMO microscopic traffic simulator software has been chosen to simulate the behaviour of the vehicles and create the trajectories.
A 500-meter-long two-lane road is represented under SUMO with a RN87-like curvature. The parameters of vehicle length is set to 5 meters and the speed limit is set to 70 km/h which corresponds to the legal speed limit on this road.
The default car following models included in SUMO simulator is a modification of Krauß model [31] . The model is simple : each vehicle drives up to its "desired speed", while maintaining a perfect distance safety with the leader vehicle (i.e. the vehicle in front of it).
To calibrate the model according to the MOCoPo traffic groups, a set of parameters have to be defined for each one.
The sets of parameters are computed by the method of the root mean squared error (RMSE).
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At the initialisation, a first random set of parameters is chosen and the simulation is launched using the real departure dates of vehicles in the MOCoPo data. The SUMO computed arrival dates of vehicles (called T sim i for vehicle i) are then compared with the MOCoPo arrival dates of vehicles (called T real i ). Another random set of parameters is drawn for a new simulation run. This method is carried out 500 times for each group of vehicles. Figure 6 sketches the method. The formula used to calculate the gap between the simulation and MOCoPo travel time is :
Initialization of the parameter set SUMO simulation
Calculation of travel times
New set of parameters Calculation of RMSE • Sigma: the driver imperfection (between 0 and 1)
• Tau: the driver's desired minimum time headway [s]
• MinGap: the offset to the leading vehicle when standing in a jam [m].
Moreover, to achieve realistic car following behaviour, it is necessary to use speed distributions for the desired speed. Otherwise, if all vehicles have the same desired speed, they will not be able to catch up with their leader vehicle causing unrealistic situation. Therefore, two other parameters have to be calibrated to use speed distributions in SUMO: speedFactor and speedDev. For instance, using speedF actor = 1 and speedDev = 0.1 will result in a speed distribution where 95% of the vehicles drive at a speed ranging from 80% to 120% of the legal speed limit. The results of the calibration for each group of mobility are presented in table II. The parameters inherent to car following model are relatively close to each other for the three mobility groups. However, the speedFactor parameter is specific to a mobility group. When considering the different approximations of this latter, namely the Fixed speed 0.5, 1, 3, 5 and 10, the curves show that they tend to get closer to SUMO curves as they are less precise in comparison with the original MOCoPo. This means that the simulated trajectory obtained through SUMO using the parameters that reproduce a specific traffic condition may result in a faithful trajectory in terms of positions while not offering any guarantee on the speed profile of the vehicles. Consequently, though simulated trajectories from SUMO could be useful for global simulation requiring realistic vehicle trajectories on the roads, the specific studies that investigate the performance in realistic traffic conditions, especially when the speed profile is important, should better rely on real-world traces such as car traffic dataset. Even when considering only few points of the original trajectory, in order to reduce the amount of data necessary to reproduce the trajectory in the simulation, one can observe that the resulting approximative curves (Fixed speed 0.5, 1, 3, 5 and 10) remain closer to the original traces when compared to SUMO trajectory. This is particularly clear when considering group 2 and group 3 which are the most concerned with speed variations due to congestion in their traffic. Figure 10 shows the average speed of the vehicles for the three mobility groups. As for the individual vehicles presented in figures 7, 8, 9, the average values on every vehicles in each group confirm that the speed profile obtained with SUMO is too smooth in comparison with the real traces, especially in group 2 and group 3. 
V. SIMULATION DESCRIPTION AND RESULTS
The purpose is to evaluate the impact of the differences in the speed profiles of the mobility models (the position traces are almost the same for all) on network performance through simulation results. The results obtained with original MOCoPo dataset traces are compared with those obtained using two other mobility models (fixed speed and SUMO) regarding the three groups of mobility (group 1, group 2, and group 3). These simulations rely on the ability of Riverbed OPNET Modeler software to assign a trajectory to each node of a communication network by means of external TRJ files in the OPNET format. The following paragraphs present the simulation system configuration and the application. Then, the results are discussed.
A. Simulation system configuration
The simulated system is an ad hoc network formed with IEEE 802.11p nodes that use the proactive OLSR protocol as the routing protocol (Optimized Link State Routing Protocol [32] ). IEEE 802.11p is an amendment of the IEEE 802.11 standard of 2012. Created to answer the challenges imposed by ad hoc vehicular networks [14] , it applies in the frequency band of 5.9 GHz for wireless access in a vehicular environment (WAVE -Wireless Access in Vehicular Environment). each known destination. Moreover, OLSR tries to reduce the impact of flooding due to broadcast traffic by selecting a subset of special nodes called the multipoint relays (MPR) which are the only allowed to retransmit broadcast traffic in the entire ad hoc network. This latter reason makes it a good choice as the routing protocol for the evaluations performed in this paper since the dataset contains dense VANETs [33] in addition to the fact that a built-in implementation of OLSR is proposed in the OPNET modeler suite.
B. Application
A data traffic model for VANET studies is defined in [34] . The IEEE settings correspond to a 300-byte packet length sent with a 10-Hertz update rate. The authors are especially interested in future real time VANET application such as for autonomous cars. In such safety applications, onboard functions (sensor functions, geo-localization, extended perception, etc.) will have to share variables periodically (speed, acceleration, positioning information, etc.) for their inner process.
The deployed application in this paper consists in a transmission of a message from a source vehicle to all other vehicles in the network. This application may represent, for example, a safety alert in case of accident. However, to operate really like a real-time application, a higher exchange frequency than IEEE setting is needed. Keeping the same total amount of exchanged data, so the same throughput than IEEE setting, a node will send 75-byte packets every 25 ms. The sender node is selected for each mobility group, respectively the node 40, 10 and 3 for the group 1, 2 and 3. The trajectories of theses particular vehicles are shown in figure 7, 8, 9 .
C. Performance metrics
The three following performance metrics are considered:
• The "load" metric represents the total number of bits forwarded from the wireless layer to higher layers. This metric measures the traffic received in all the network at a given time.
• The "throughput" metric represents the total number of bits submitted to wireless layer by all higher layers. Its upper value is restricted by the bandwidth, so it may give an idea of the local bandwidth obtained by each node with each mobility profile.
• The "end-to-end delay" metric concerns the time taken by a packet to reach the wireless layer of the receivers. It is measured as the difference between the arrival time of a packet at its destination and the creation time of this packet. This metric will help to evaluate the network performance in relation to the application requirements.
D. Scenarios and results
Each scenario is run several times with different seed values for the random generator in order to avoid that the related sequence favors one of the scenarios. Figure 11 shows that the same amount of traffic is received through the entire network. However, when the vehicles start to meet congestion in group 2 and group 3, the throughput and more significantly the delay values become different. The main explanation is the difference in the speed profile which affects the communications. Particularly, it can be observed in table V that the SUMO traces produce similar results than fixed speed 5s in group 1 (no congestion), but they are clearly different in congested traffic conditions (group 2 and 3). 
VI. CONCLUSION
The development of big data announces the availability of many datasets including vehicle trajectories in smart city. Targeting a future generalization of such data in the evaluation of vehicular networks, this paper demonstrates the use of the MoCoPo dataset which includes the real-world traces of the cars in a road section.
Though they were early acquired for studies in the domain of road traffic theory, one of the goals of this paper was to show that the MOCoPo data particularly fit to the evaluation of vehicular ad hoc networks in comparison with other mobility models such as those coming traffic simulators. After they have been split into three groups corresponding to different mobility profiles namely fluid (group 1) hybrid (group 2) and congested (group 3) traffics, the MOCoPo dataset traces have been used to simulate the scenarios of a group of communicating vehicles. Other mobility models have been used for the same scenarios in order to compare the behaviour of the system in both cases. The results demonstrate the importance of the granularity of the traces which affects the topology of the road traffic and therefore the communications.
Moreover, the real speed variations embedded in the MoCoPo trajectories cannot be reproduced using traffic simulator through basic parameters. The analyzed figures show that even if the position traces, average speed and acceleration threshold are the same, the instantaneous speed of the vehicles in realworld traces are never reproduced by traffic simulators which tend to smooth the speed profile according to the average speed. Therefore, the difference in the speed profiles has an impact on the results obtained through simulation for several performance metrics such as the load, the throughput and significantly the delay.
This work suggests that it is crucial to get real-world trajectory data with refined granularity in order to obtain, through simulation, a performance of vehicule-to-vehicule communication that reflects better the reality in comparison with other mobility models.
